Abstract. Lignin preparations, introduced into soil jointly with buckwheat
I INTRODUCTION
Systematic studies on the effect of silicious lignins (Lignosilicon) on the growth and development of different agricultural plants are under way at the Latvian State Institute of Wood Chemistry. Lignosilicon, applied as fertilizers and growth activators in cultivating cereals (oats, wheat, rye, maize) [1] [2] [3] , legumes /Leguminosae/ leguminous plants (red clover) [4, 5] and Solanaceae plants (tomato, potato) [6, 7] exerted a favourable effect on the development of plants, on the enhancement of their productivity and the qualitative characteristics of agricultural products. The results of the studies, performed jointly with the LLU Research Institute of Agricultury (Skriveri, Latvia) with plants of buckwheat, variety "Aiva" have demonstrated a favourable effect of Lignosilicon (LSi), introduced into soil (10 kg ha -1 and 20 kg ha -1
) simultaneously with the sowing of seeds, on the activation of the development of the aboveground and root system of plants, on the grain crop and the yield of straw [8] .
Buckwheat is a cereal belonging to the Polygonaceae family. The fatherland of buckwheat is believed to be Northern India. At present, interest in both wild tartary buckwheat Fagopyrum tataricum, cultivated in countries of South-Eastern Asia (China, India), and Central and Southern Italy, and common buckwheat Fagopyrum esculentum has grown [9] [10] [11] .
Thanks to the activities of the International Buckwheat Research Association (IBRA), tartary and common buckwheat have become the object of versatile research [9] .
Big work is under way in countries of SouthEastern Asia (China, India) on selecting tartaric buckwheat, and obtaining food products and physiologically active substances from different morphological parts of the plant [10, 11] . The world's leaders of the production of common buckwheat at the beginning of the XXI century are Russia, China and Ukraine. In Western Europe, the leader is France, where relatively small areas are sown, but the highest crops are obtained -3.5 t ha -1 . The buckwheat grain crops worldwide, except in France, are not high and on average range from 0.8 t ha -1 to 1.2 t ha -1 [12] . According to the data of FAOSTAT (Food and Agriculture Organisation of the united Nations), the sown area of buckwheat was 2.5 million ha in 2008 [12] . In Latvia the sown area under buckwheat in 2009-2011 was 1% from all spring crops and in 2011 buckwheat occupied 9.5 thousand ha. The average yield of buckwheat grain in Latvia was 0.48 tha -1 , 0.56 t ha -1 and 1.0 t ha -1 in 2009, 2010 and 2011, respectively [13] . The reason for the low crops of buckwheat are the biological peculiarities of the culture [12-15] which is very sensitive to weather conditions, long and disunited periods of flowering and maturing and the weak homeostasis of grain formation. Buckwheat has a complex of unique properties useful for the life and health of humans [10] [11] [12] 14] incl. mineral elements (phosphorus, calcium, kalium, iron, zink, copper) and vitamins (P, B 1 , B 2, B C , PP). Buckwheat grain, has an unique amino acid composition of protein in comparison with other grain cultures. Interest in buckwheat as a medicinal plant rich an antioxidant rutin is growing [10] [11] [12] [14] [15] [16] [17] [18] [19] [20] [21] owing to its pronounced capillary strengthening, hepaprotective, nootropic [22] , anti-diabetic, anticancer and anti-mutagenic action [10] . For obtaining rutin-containing preparations, the flowers with bract, leaves and pericarp of buckwheat seeds are used. The highest content of rutin in inflorescences and leaves in the stage of accomplishing blooming -beginning of fruit formation is observed [17, 22] . According to the technical documentation of different countries the plant biomass can be considered as raw material for pharmacy if rutin content is not less than 2.5% (Russian Federation) [22] , and more that 3% (in France) [23] . The rutin content in various morphological parts of the buckwheat plant is influenced by numerous factors such as environmental conditions, lighting intensity, moisture supply, etc. [10, 14, 16] . For the European region, urgent is the search for the pathways of the activation of the development of common buckwheat plants, the enhancement of the crop capacity and quality, the increase in the content of antioxidants, firstly flavonoids (incl. rutin) of this valuable culture. One of the ways is the use of plant growth and development activators [24] [25] [26] [27] . This was demonstrated in microfield conditions at pre-sowing treatment of seeds and spraying of the plants. Among the exogenous growth regulators were tested: Emistin (a product of the metabolism of the symbiotic fungus Acremonium lichenicla, isolated from ginseng), epibrassinolide (an analogue of phytohormones -brassinosteroids), Ecost (a composition on the basis of high-disperse silica with microelements) [24] , Circon (a mixture of hydroxycinnamic acids, isolated from purple coneflower Echinacea purpurea), Corvitol (activeacetylene alcohol) [25] , the preparation on the basis of the strain of the bacteria Halobacterium salinarum (the active substance -a fragment of the retinal's molecule), ethanol extract of the seaweed L.Cichorioides was tested [27] . The pre-sowing treatment of buckwheat seeds with an ethanol extract of seaweed under conditions of the microfield experiment activated the growth of the plant seedlings and the rutin content (from 1.8% to 2.2% ) in the green mass of the plants of buckwheat Fagopyrum esculentum Moench.
The objective of the study was to evaluate the effect of lignin (L) and Lignosilicon (LSi), synthesised on its basis, introduced into soil jointly with seeds during the sowing of buckwheat Fagopyrum esculentum Moench, variety "Aiva", on the content and antioxidant activity of polyphenols in 3 morphological parts of the plant: in the biomass of the flower with bract, in grain and in hulls.
II MATERIALS AND METHODS
Culture -buckwheat Fagopyrum esculentum Moench, variety 'Aiva', cultivated throughout Latvia. This is the only variety registered in this country. Duration of the vegetation period from the instant of emerging seedlings to technical maturity: 67-73 days. Seeds sowing rate: 70 kg ha -1 . Average yield of grain of this variety in conditions of Latvia is: 2 t ha -1 , potential crop capacity can achieve 3 t ha Sowing of seeds was performed using a seedling machine "Hege". Before sowing, the seeds were mixed with lignin products. The crop was harvested by a "Wintersteiger" combine.
During the vegetation process (in 28 and 60 days after the sowing), phenological observations of the plants were performed. The plant length, the number of side branches, inter-nodes and inflorescences, and the mass of the above ground part and roots were determined. For measuring the length and thickness of the 1 st inter-node, an Electronic Digital Caliper was used.
Samples of the biomass of flowers with bract for determining substances of phenolic nature therein were taken in the bloom phase (48 days after the sowing) and in the phase of accomplishing bloomingbeginning of fruit formation (60 days after the sowing) in triplication.
The total polyphenol content in the ethanol extracts from the raw biomass of flowers was determined by the Gallic Acid Equivalence method (GAE) using the Folin-Ciocalteu phenol reagent (FCR). The FCR assay relies on the transfer of electrons in alkaline medium from phenolic compounds to phosphomolybdic-phosphotungstic acid complexes (reducing them to molybdenum blue), which are determined spectroscopically at 765 nm.
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This assay was performed in 15 mL test-tubes and assessed in an UV/VIS Spectrometer Lambda 25 (PerkinElmer Instruments).
To evaluate the summary antioxidant activity the DPPH• (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay described in [28] was used. 0.03 mL of a sample solution in methanol/ethanol (with a known mass concentration of the dry matter of the extract) was mixed for 15 min with 3.0 mL of a 110
4 mol L -1 DPPH• methanol solution, and then the absorbance at 517 nm of the mixture was immediately measured using a Perkin Elmer Lambda 25 UV/VIS spectrometer. The inhibition percentage (IP) of the radical species was calculated as follows:
where A B is absorbance in blank probe (antioxidant was omitted) and A A is absorbance in the sample after 15 min. Using different concentrations of extracts, the dependence of the IP values on the antioxidant concentration was established and used for the calculation of IC 50 (the concentration of the tested sample required for a 50% inhibition of radical species). To calculate the IC 50 values, the linear regression analysis was made, using SPSS Statistics 17.0 (level of significance 0.05). According to the definition, higher antioxidant activity results in lower value of IC 50 .
HPLC analysis [29] was performed with HPLC Agilent Technologies 1100 Series coupled with an UV diode-array detector. The separation of the analytes was done with a column Zorbax Extend -C18, 4.6 x 250 mm, 5µm. Two eluents were used: water with 0.1% formic acid (v/v), 5% methanol (v/v) (A) and methanol (B). The elution conditions were 0-5 min 30% B; 5-25 min from 30% B to 70% B; 25-29 min 100% B; 29-30 min from 100% B to 30% B. The operating conditions were: column temperature 30 °C; injection volume 10μL. The components were detected by absorbance at 355 nm. The flavonoids calibration curves were made by diluting flavonoid solutions with methanol to give the concentration of the standard in the range of 10-100 mg/L. The curves were plotted from chromatograms as a peak area vs. the concentration of the standard. The concentrations of rutin, quercetin and quercitrin were calculated from their standards (Sigma Aldrich, HPLC purity ≥ 94%).
Weather conditions of the vegetation period of 2011 were favourable for the development of buckwheat plants [30] . The seeds were sown into the soil, supplied well with moisture; mean temperature in June, July, August and September was 17. Analysis of the ethanol extracts of the biomass of flowers with bract in the bloom phase (48 days after the sowing, more than 50% of plants bloom) and in the phase of blooming -beginning of fruit formation (60 days after the sowing) of plants has shown that the lignin products favoured the increase of the polyphenols content therein ( Table 2) (Fig.2.) Lebedeva G., Roze L., Lauberts M., Jasina L., Rancane S., Telysheva G. The rutin and quercetrin content in the extracts was more than 85%. Buckwheat extracts, except the identified flavonoids, containig small amounts other compounds, which absorb at 355 nm. In summary, the best results are obtained with LSi in the rate of 40 kg hа -1 , because in this case the content of rutin, quercetrin and quercetin in the ethanol extracts was the highest.

EFFECT OF LIGNOSILICON ON THE CONTENT AND ANTIOXIDANT ACTIVITY OF THE POLYPHENOLS OF BUCKWHEAT FAGOPYRUM ESCULENTUM MOENCH
Alcohol extracts of the biomass of flowers with bract of the buckwheat cultivated on the background of the lignin products demonstrated a higher radical scavenging capacity in the test with DPPH•, in comparison with the control. The radical scavenging capacity of the alcohol extracts of the biomass of flowers with bract was higher in the biomass, selected in the bloom phase of the plants and declined in the sample of the biomass of flowers with bract, selected in the phase of accomplishing blooming -beginning of fruit formation ( Table 2) in spite of increase in flavonoids content in extracts and decline of total polyphenol content. Considerable distinctions in the indices of radical scavenging capacity in variants were observed for the extracts from flowers with bract, selected in the phase of accomplishing bloomingbeginning of fruit formation. Radical scavenging capacity for the extracts from variants L (40 kg ha -1 ) and LSi (40 kg ha -1 ) exceeded this index in the control by 40%, and that in the variant LSi (20 kg ha -1 ) by 16% (Table 2) . * in terms of the oven dry sample of the biomass of flowers with bract ** the concentration of the tested sample required for a 50% inhibition of radical species.
It have to be pay attention that non-modified lignin applied at the same rate as LSi gave similar results. This fact allow to suggest the dominant role of phenyl propanoid structures in the effect observed.
Lignin preparations favoured the increase in the indices of the antioxidant activity of the alcohol extracts of the biomass of flowers with bract of buckwheat (Tabl. 2), as well as grain and hulls (Tabl.4) . No correlation between the radical scavenging capacity and the rutin content and the total content of polyphenols was found, as mentioned in [18] .
The conditions of the vegetation period of 2011 were favourable for cultivating buckwheat, which ensured a good development of the plants and a high crop ( Table 3 ) that achieved the potential value pointed for this buckwheat variety (3.0 t ha -1 ). Because of the unfavourable weather conditions (rains), the crop was harvested with a 10-15-day delay, and a part of the fruits fell off, that decreased the waiting yield.
Lebedeva G., Roze L., Lauberts M., Jasina L., Rancane S., Telysheva G. * in terms of the oven dry sample of biomass ** the concentration of the tested sample required for a 50% inhibition of radical species
Methanol extracts of the flour from the hulls and grain of buckwheat in comparison with those from flowers with bract, contained a small amount of polyphenols. Content of rutin was higher in the hulls, tah have shown a higher radical scavenging capacity (Table 3) . Content of rutin in hulls extracts was 13.0-14.0 mg/100 g of dry mass, and in grain extracts only 3.0-3.3 mg/100 g of dry mass (Table 4 ). The results obtained have shown that in favourable vegetation conditions the quality parameters of buckwheat grain, including the content of rutin and polyphenols, can be comparable with this ones achieved in the regions with warm climate. The content of rutin in methanol extracts from the hulls and grain of buckwheat Fagopyrum esculentum Moench French, variety "La Harpe" was 5.2 mg/100 g dry mass and 2.3 mg/100 g dry mass, respectively [18] . The grain of the buckwheat cultivated in high-mountain areas in warm climate regions of Italy (1200 m above the sea level) the rutin content ranged from 5 to 58 mg/100 g of dry mass in the grain of common buckwheat of different varieties, cultivated in 2009 was docucmented [10] . Despite the absolute values of crop indicies obtained were lower than above mentioned in principle flowers with bract can be used as raw materials for rutin production.
IV CONCLUSIONS
Lignin preparations, introduced into soil jointly with buckwheat seeds during the sowing in quantities of 20 kg ha -1 and 40 kg ha -1
, exerted a favourable effect on the development of plants and the synthesis of flavonoids in flowers with bract. Flavonoids are represented mainly by rutin and quercetrin. The content of rutin in ethanol extracts from the biomass of flowers with bract, selected in the phase of accomplishing blooming -beginning of fruit formation, was 59%-65%, and that of quercetrin 23%-28% from the total sum of components in the extract.
The rutin content in the biomass of flowers with bract in the phase of accomplishing bloomingbeginning of fruit formation in the variant with 40 kg ha -1 of Lignosilicon exceeded that in the control variant by 65% to be 2.74 % in terms of dry mass. The raw material with such content of rutin can be used as an industrial raw material for obtaining rutincontaining pharmaceutical preparations.
Lignin preparations favoured the increase in the indices of the antioxidant activity of the alcohol extracts of the biomass of flowers with bract of buckwheat, as well as grain and hulls.
The increment of the buckwheat grain crop, in comparison with the control on the background of 20 kg ha -1 and 40 kg ha -1 of Lignosilicon and 40 kg ha Lebedeva G., Roze L., Lauberts M., Jasina L., Rancane S., Telysheva G.
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